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Source collimator, an input unit, and a processing unit. The 
adjustable source collimator is configured to be interposed 
between an X-ray source and an object to be imaged, and is 
adjustable between plural settings corresponding to different 
amounts of collimation of rays from the X-ray source. The 
input unit is configured to obtain an input identifying a por 
tion to be imaged of the object. The processing unit is oper 
ably coupled to the input unit and the adjustable source col 
limator, and configured to obtain the input. The processing 
unit is also configured to determine a prescribed collimation 
configuration to perform a scan of the portion to be imaged 
based on the input, the prescribed collimation configuration 
having a corresponding Scanning Volume that includes the 
portion to be imaged. 
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1. 

SYSTEMS AND METHODS FOR OPTIMIZED 
SOURCE COLLMIATION 

BACKGROUND OF THE INVENTION 

The subject matter disclosed herein relates generally to 
systems and methods for collimation of rays from a source 
toward an object to be imaged. 

In computed tomography (CT) imaging, an X-ray source 
may be rotated around an object to obtain imaging informa 
tion. A collimator may be used to direct radiation from the 
Source to the object to be imaged, and to limit radiation 
directed to the object to a desired field of view. Conventional 
CT systems may use a relatively small, non-adjustable colli 
mator to acquire imaging information over a rotation of the 
Source around the object to be imaged. 

Traditionally, volumetric CT scanners have generated 
image data within relatively small cylindrical Volumes, and/ 
or cylindrical Volumes of a single, non-adjustable size. To the 
extent a single Volume was not large enough, additional cylin 
drical Volumes could be selected and specified by a user, as 
the decision to add an additional rotation is a relatively 
straightforward decision, and does not require Substantial 
computation requirements. However, more recent CT scan 
ner designs provide larger, adjustable collimations. Further, 
more recent CT scanner designs provide for Scanning Vol 
umes having shapes different than cylindrical. For example, 
image data may be additionally generated in cone-shaped 
regions above and below a cylinder. With differently shaped 
volumes available as well as adjustable volume sizes, the 
scanning geometry quickly becomes quite complicated. Fur 
ther, multiple available combinations of scanning Volumes 
and positions provide a large number of possible choices. The 
wide number of available combinations of volume number, 
Volume length, Volume spacing, as well as the complex geom 
etries of scanning volumes make it difficult to readily identify 
optimal or preferable options among the myriad available 
choices. 

BRIEF DESCRIPTION OF THE INVENTION 

In one embodiment, an imaging system is provided that 
includes an adjustable source collimator, an input unit, and a 
processing unit. The adjustable source collimator is config 
ured to be interposed between an X-ray source and an object 
to be imaged, and is adjustable between plural settings cor 
responding to different amounts of collimation of rays from 
the X-ray Source. The input unit is configured to obtain an 
input corresponding to a portion of the object to be imaged. 
The processing unit is operably coupled to the input unit and 
the adjustable source collimator, and configured to obtain the 
user input. The processing unit is also configured to deter 
mine a prescribed collimation configuration to perform a scan 
of the portion to be imaged. The prescribed collimation con 
figuration has a corresponding Scanning Volume that includes 
the portion to be imaged. 

In another embodiment, a method is provided for selecting 
a source collimation configuration for an object to be imaged. 
The method includes receiving, at an input unit, an input (e.g., 
a user input from a user) corresponding to a portion of the 
object to be imaged. The method also includes determining, 
with a processing unit, a prescribed collimation configuration 
to perform a scan of the portion to be imaged. The prescribed 
collimation configuration has a corresponding scanning Vol 
ume that includes the portion to be imaged. 

In another embodiment, a tangible and non-transitory com 
puter readable medium is provided for selecting a source 
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2 
collimation configuration for an object to be imaged. The 
tangible and non-transitory computer readable medium 
includes one or more computer Software modules configured 
to direct one or more processors to receive an input corre 
sponding to a portion of the object to be imaged. The one or 
more computer software modules are also configured to 
direct the one or more processors to determine, automatically, 
a prescribed collimation configuration to perform a scan of 
the portion to be imaged, the prescribed collimation configu 
ration having a corresponding scanning Volume that includes 
the portion to be imaged. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram illustrating an imaging 
system in accordance with an embodiment. 

FIG. 2 illustrates an example Scanning Volume in accor 
dance with an embodiment. 

FIG. 3 illustrates an example Scanning Volume in accor 
dance with an embodiment. 

FIG. 4 illustrates an example Scanning Volume in accor 
dance with an embodiment. 

FIG.5 illustrates example positions of an adjustable source 
collimator in accordance with an embodiment. 

FIG. 6 provides an example hierarchical table used to 
select a collimation configuration in accordance with an 
embodiment. 

FIG. 7 illustrates a display provided to a user in accordance 
with an embodiment. 

FIG. 8 is a flowchart of a method in accordance with an 
embodiment. 

FIG. 9 is a schematic block diagram of a computed tomog 
raphy (CT) imaging system in accordance with an embodi 
ment. 

DETAILED DESCRIPTION OF THE INVENTION 

The following detailed description of certain embodiments 
will be better understood when read in conjunction with the 
appended drawings. To the extent that the figures illustrate 
diagrams of the functional blocks of various embodiments, 
the functional blocks are not necessarily indicative of the 
division between hardware circuitry. For example, one or 
more of the functional blocks (e.g., processors or memories) 
may be implemented in a single piece of hardware (e.g., a 
general purpose signal processor or a block of random access 
memory, hard disk, or the like) or multiple pieces of hard 
ware. Similarly, the programs may be standalone programs, 
may be incorporated as Subroutines in an operating system, 
may be functions in an installed software package, and the 
like. It should be understood that the various embodiments 
are not limited to the arrangements and instrumentality shown 
in the drawings. 
As used herein, the terms “system.” “unit,” or “module' 

may include a hardware and/or Software system that operates 
to perform one or more functions. For example, a module, 
unit, or system may include a computer processor, controller, 
or other logic-based device that performs operations based on 
instructions stored on a tangible and non-transitory computer 
readable storage medium, Such as a computer memory. Alter 
natively, a module, unit, or system may include a hard-wired 
device that performs operations based on hard-wired logic of 
the device. Various modules or units shown in the attached 
figures may represent the hardware that operates based on 
software or hardwired instructions, the software that directs 
hardware to perform the operations, or a combination thereof. 
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“Systems.” “units, or “modules' may include or represent 
hardware and associated instructions (e.g., Software stored on 
a tangible and non-transitory computer readable storage 
medium, such as a computer hard drive, ROM, RAM, or the 
like) that perform one or more operations described herein. 5 
The hardware may include electronic circuits that include 
and/or are connected to one or more logic-based devices. Such 
as microprocessors, processors, controllers, or the like. These 
devices may be off-the-shelf devices that are appropriately 
programmed or instructed to perform operations described 10 
herein from the instructions described above. Additionally or 
alternatively, one or more of these devices may be hard-wired 
with logic circuits to perform these operations. 
As used herein, an element or step recited in the singular 

and preceded with the word “a” or “an' should be understood 15 
as not excluding plural of said elements or steps, unless Such 
exclusion is explicitly stated. Furthermore, references to “one 
embodiment” are not intended to be interpreted as excluding 
the existence of additional embodiments that also incorporate 
the recited features. Moreover, unless explicitly stated to the 20 
contrary, embodiments “comprising or “having an element 
or a plurality of elements having a particular property may 
include additional elements not having that property. 

Various embodiments provide systems and methods for 
selection of collimation settings or configurations to be used 25 
for imaging. In various embodiments, an anatomic location 
may be specified. For example, two or more points (e.g., a 
start point and end point corresponding to boundaries defin 
ing a desired imaging region) may be specified by a user. As 
another example, one or more anatomic locations may be 30 
determined using an anatomic segmentation, for example 
using software configured to identify particular portions of 
anatomy from a Scout Scan. As another example, a Volume of 
data, Such as data generated from a low-dose localizer Scan, 
may be used in selecting or determining a location orportion 35 
to be imaged. As another example, locations may be specified 
by a protocol for a particular procedure (e.g., a cardiac pro 
cedure). In various embodiments, a processor is configured 
(e.g., programmed) to determine a collimation configuration 
that satisfies one or more criteria (e.g., a collimation that 40 
provides a minimum or reduced total collimation length, a 
collimation that provides a minimum or reduced radiation 
dosage, or a collimation the provides a minimum or reduced 
number of table positions used during a scan, among others) 
while providing Sufficient coverage of the specified anatomic 45 
region, portion, or location based at least in part on geometric 
constraints (e.g., size of gantry, available collimation lengths 
or sizes). The processor, for example, may determine a scan 
ning Volume provided by at least one of a list of collimation 
configurations, and then select a collimation configuration 50 
that provides a scanning Volume including a target region 
corresponding to the anatomic region to be imaged while 
satisfying one or more additional criteria (e.g., reduce or 
minimize number of slabs or rotations, reduce or minimize 
radiation dosage, or the like). The collimation configuration 55 
may be selected to satisfy one or more image quality condi 
tions or constraints. For example, a minimum signal-to-noise 
ratio or other metric may be employed to constrain selection 
of the collimation configuration. In various embodiments, a 
collimation configuration may be selected as a function of a 60 
desired reconstructed image Volume and/or one or more 
image quality constraints. 

Various embodiments provide improved imaging. For 
example, a collimation configuration satisfying one or more 
criteria may be selected. A technical effect of at least one 65 
embodiment includes improved imaging, for example by 
improving selection of a collimation configuration to satisfy 

4 
one or more criteria. A technical effect of at least one embodi 
ment includes reducing effort required by a user to specify a 
collimation configuration and/or reducing or eliminating 
human error in collimation configuration selection. A techni 
cal effect of at least one embodiment is to provide selection or 
determination of collimation configuration as a function of a 
desired image reconstruction Volume and/or one or more 
image quality constraints. A technical effect of at least one 
embodiment is to provide optimal or improved levels of radia 
tion dosage for a scan. 

FIG. 1 illustrates an imaging system 100 in accordance 
with an embodiment. The imaging system 100 may be con 
figured, for example, to perform computed tomography (CT) 
scanning of a subject, Such as a human or animal patient. As 
seen in FIG. 1, the depicted imaging system 100 includes an 
X-ray source 110, an adjustable source collimator 120, a table 
130, a detector collimator 140, a detector 150, a processing 
unit 160, an input unit 170, and a display unit 180. It may be 
noted that various embodiments may include additional com 
ponents, or may not include all of the components shown in 
FIG. 1 (for example, various embodiments may provide sub 
systems for use with other sub-systems to provide an imaging 
system). Further, it may be noted that certain aspects of the 
imaging system 100 shown as separate blocks in FIG.1 may 
be incorporated into a single physical entity. For example, the 
display unit 180 and the input unit 170 may share or be 
incorporated into a common physical entity (e.g., touch 
screen). In the illustrated embodiment, the imaging system 
100 is configured to perform CT imaging of an object 102. For 
example, the object 102 may be a human patient, and the 
imaging system 100 may perform a CT scan of one or more 
specified portions of the object 102 (e.g., heart, lungs, head, or 
region identified by boundaries input by a user, among oth 
ers). 

Generally, X-rays 114 from the X-ray source 110 are 
guided to the object 102 through the adjustable source colli 
mator 120, which is configured to allow X-rays 114 within a 
desired field of view (FOV) 116 to pass through to the object 
102 while blocking other X-rays 118. The table 130 supports 
the object 102 in a desired position. X-rays 114 that pass 
through the object 102 are attenuated by the object 102 and 
received by the detector collimator 140, which is configured 
to guide attenuated X-rays to the detector 150, which detects 
the attenuated X-rays and provides imaging information to 
the processing unit 160. The processing unit 160 may then 
reconstruct an image of the scanned portion of the object 102 
using the imaging information provided by the detector 150. 
In the illustrated embodiment, the processing unit 160 is also 
configured to select a configuration for the adjustable source 
collimator 120 to cover a desired portion of the object 102. 
The display unit 180 in the illustrated embodiment may be 
configured for example, to display a collimation configura 
tion selected by the processing unit 160, to display a scanning 
volume covered by the collimation configuration selected by 
the processing unit 160, and/or to display an image. Such as a 
Scout image obtained prior to collection of imaging informa 
tion, or, as another example, an image reconstructed using 
imaging information from the detector 150. The depicted 
input unit 170 is configured to obtain input corresponding to 
a portion or region of the object 102 that is desired to be 
imaged, with the processing unit 160 using the input to deter 
mine a collimation configuration. 
As used herein, a collimation configuration may specify or 

describe characteristics or aspects of the source collimation to 
be employed over a scan. For example, the collimation con 
figuration specifies the total number of slabs of information to 
be obtained, and the length of the slab or slabs used during the 
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scan The collimation configuration may also specify the spac 
ing of slabs relative to each other for collimation configura 
tions having two or more slabs. As another example, in some 
embodiments, the collimation configuration may specify a 
Source intensity (e.g., tube current) employed for each slab. 

In the illustrated embodiment, the X-ray source 110 is 
configured to rotate about the object 102 and table 130. For 
example, the X-ray source 110, adjustable source collimator 
120, detector collimator 140 and detector 150 may be posi 
tioned about a gantry bore (not shown in FIG. 1 for clarity of 
illustration) that rotates about the table 130. As the X-ray 
source 110 rotates about the object 102, X-rays received by 
the detector 150 during one complete rotation provide a 360 
degree view of X-rays that have passed through the object 
102. As used herein, one complete rotation of the X-ray 
source 110 about the object 102 corresponds to a slab of 
information. The slab, in turn, may include a number of slices 
along the length of the slab, with each slice corresponding to 
a row of pixels in the detector 150. 

FIGS. 2-4 provide example depictions of scanning vol 
umes obtainable using the X-ray source 110 and adjustable 
source collimator 120. FIG. 2 depicts a scout image 200 of a 
torso with various scanning Volumes overlayed on the Scout 
image 200. A scout image 200 may be obtained by perform 
ing a Scout Scan at relative low radiation dosages or expo 
Sures. The Scout image 200 is not generally used for imaging, 
but instead provides a preliminary view of a portion of a 
patient to be imaged, for example, for use in positioning a 
patient. In FIG. 2, Scanning Volumes corresponding to a 
single rotation or slab are depicted. X-rays from an X-ray 
source 210 pass through a source collimator 220 to define a 
Field of View (FOV). The length of the object within the FOV 
defines a slab length 202. The collimator 220 is adjustable to 
provide for adjustment of the slab length 202. By allowing a 
wider angle of X-rays to pass from the X-ray source 210, the 
slab length 202 may be increased. Conversely, by allowing a 
narrower angle of X-rays to pass from the X-ray Source 210, 
the slab length 202 may be reduced. 

In FIG. 2 the X-ray source 210 rotates about an object (or 
portion thereof to be imaged). As seen in FIG. 2, the X-ray 
Source 210 generally rotates in a plane that is normal to page 
(or rotates into and out of the page). At the depicted point 212 
during the rotation of the X-ray source 210 about the object, 
X-rays from the X-ray source 210 pass through the Source 
collimator 220 to define an FOV 230. An FOV 232 is similarly 
provided when the X-ray source 210 is at the depicted point 
214, which is located 180 degrees from the point 212. The 
overlap of the FOV 230 and the FOV 232 corresponds to a 
primary Scanning Volume 240. The primary Scanning Volume 
240 includes the volume covered by a 360 degree rotation of 
the overlapping portions of the depicted FOV 230 and FOV 
232. The primary Scanning Volume 240 thus appears as dia 
mond or rhombus shaped in two dimensions, and discus 
shaped in three-dimensions. 

Portions of the object with the primary scanning volume 
240 are the portions of the object which are visible to a 
detector receiving X-rays from the X-ray source 210 during a 
complete rotation (360 degrees), or portions of the object for 
which the detector receives 360 degrees of coverage of 
attenuated X-rays from the X-ray source 210. Portions of the 
object outside of the primary scanning Volume 240 are those 
portions for which the detector does not receive 360 degree 
coverage of attenuated X-rays from the X-ray Source 210. 
However, it may be noted that less than 360 degrees of cov 
erage may be required to provide clinically useful imaging 
information. While this information may be of lower quality 
than imaging information from the primary scanning Volume 
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6 
240, or more susceptible to noise or motion related artifacts, 
the information may be sufficient for someportions outside of 
the primary scanning Volume 240 to be reconstructed in a 
clinically useful image. The portions of the scanned Volume 
outside of the primary scanning volume 240 that provide 
clinically useful imaging information are depicted as shoul 
der regions 250 in FIG. 2. The shoulder regions 250, along 
with the portions of the primary scanning Volume 240 corre 
sponding to the object, together form a scanning Volume 260. 
The scanning volume 260 includes those portions of the 
object for which clinically useful imaging information may 
be obtained by a slab corresponding to the collimation con 
figuration of FIG. 2. It may be noted that neither the primary 
scanning Volume 240 nor the Scanning Volume 260 are rect 
angular in shape, but instead each are generally tapered away 
from the center of the object. 

FIG. 3 depicts a scout image 300 of a torso with various 
scanning volumes overlayed on the scout image 300. In FIG. 
3, two slabs are depicted. A first slab length 302 of imaging 
information is obtained in a first rotation of an X-ray Source 
310, and a second slab length 304 of imaging information is 
obtained in a second rotation after the X-ray source 310 has 
been translated axially relative to the object (e.g., by an axial 
translation of a bed or support). The combined slab length or 
collimation length as used herein for a given configuration is 
the sum of individual slab lengths for all slabs of the configu 
ration. It may be noted that the overall coverage of the colli 
mation configuration may be less than Sum of lengths for each 
slab or total collimator length due to overlap between the 
slabs. 
As seen in FIG. 3, the first slab length 302 and second slab 

length 304 define an overlap 306, so that the total length 
covered by the first slab length.302 and the second slab length 
304 (or total coverage of the collimation configuration) is less 
than the sum of the first slab length 302 and the second slab 
length 304. In FIG. 3, the slabs are spaced at a slab spacing 
308. The slab spacing 308 may also be understood as a scan 
interval. The slab spacing may be provided by an axial dis 
placement of a table or support (e.g., table 130). For example, 
a first rotation of the X-ray source 310 about an object to be 
imaged may be performed to obtain imaging information over 
the first slab length 302. Then the table or support may be 
translated the slab spacing 308 axially to move the object 
relative to the X-ray source 310. The slab spacing 308 may be 
understood as the difference between a first position at which 
the X-ray source 310 is disposed to perform a first scan and a 
second position at which the X-ray source 310 is disposed to 
perform a second scan. In the illustrated embodiment, the 
collimations for the scans are the same size, or provide an 
equal slab length, so the distance 309 between the top of the 
slabs is equal to the slab spacing 308. If the slab lengths 302, 
304 are different, the source collimator 320 may be adjusted 
to provide the desired change in slab length. Once the table is 
positioned and the slab length configured, a second rotation of 
the X-ray source 310 at the new position may be performed to 
obtain imaging information over the second slab length 304. 
It may be noted that, in Some embodiments, there may not be 
an overlap 306 between slabs. For example, one or more 
intermediate sections or portions may not be imaged, result 
ing in a gap or space between slabs. 
As seen in FIG. 3, a seam 350 corresponds to the overlap 

306 (e.g., the center of the overlap) of the first slab length 302 
and the second slab length 304. The location of the seam 350 
may be varied, for example, by adjusting one or more of the 
slab lengths 302 and 304 and/or the slab spacing 308. In 
various embodiments, collimation configurations may be 
selected to provide a seam location that provides for 
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improved imaging. For example, if a seam 350 is located 
proximate a portion of anatomy that is particularly sensitive 
to radiation, the collimation configuration may be adjusted to 
move the seam 350 away from the sensitive portion of 
anatomy, so that the sensitive portion is exposed only during 
the collection of information over one slab instead of during 
the collection of information over two slabs. As another 
example, depending on the variation of opacity of portions of 
the anatomy being scanned, it may be desirable to position a 
seam 350 so that a portion of relative high opacity is contained 
within a single slab length, so that exposure to a higher 
radiation dosage (e.g., caused by tube current of an X-ray 
source) may be limited to one slab instead of two slabs. Thus, 
portions having a high opacity for which higher tube current 
may be desired may be grouped into one or more slabs for 
which a high tube current is used, while portions having a 
lower opacity may be grouped into one or more slabs for 
which a lower tube current is used, to limit use of higher tube 
current (and higher radiation dosage and/or noise) to appro 
priately sized and positioned slabs. 

In FIG. 3, a primary scanning volume 360, shoulder 
regions 370, and scanning volume 380 are depicted. The 
primary scanning volume 360, shoulder regions 370, and 
scanning Volume 380 are generally similar in respects to the 
primary scanning Volume 240, shoulder region 250, and scan 
ning volume 260 discussed in connection with FIG. 2. The 
primary Scanning Volume 360 corresponds to the Volume 
included in the primary Scanning Volume of at least one slab, 
while the scanning volume 380 corresponds to the volume 
included in the scanning Volume of at least one slab. The 
shoulder regions 370 are defined as the portions of the scan 
ning volume 380 not included in the primary scanning vol 
ume 360. 

The various scanning Volumes resulting from a given col 
limation configuration (e.g., a collimation configuration 
selected by the processing unit 160) may be used to select 
collimation configurations, and/or identify collimation con 
figurations for further evaluation by a user. FIG. 4 illustrates 
a Scout image 400 with various scanning Volumes overlayed 
on the Scout image 400 that may, for example, be displayed to 
a user. The X-ray source and FOVs, for example, are not 
shown on FIG. 4 for clarity of illustration. A display similar to 
FIG. 4 may be provided to a user via a display unit (e.g., 
display unit 180), and may be used to receive confirmation 
that a selected collimation configuration provides an accept 
able scanning Volume, or that a different collimation configu 
ration is desired. In FIG. 4, a scanning Volume 410 resulting 
from a given collimation configuration is displayed. The 
scanning Volume 410 includes a primary scanning Volume 
420 and shoulder regions 430. The primary scanning volume 
420 and shoulder regions 430 may be displayed for example, 
with differing colors or tints associated with each for conve 
nient identification by a user. The scanning volume 410 
depicted in FIG. 4 is provided by two slabs, and includes a 
seam 440. As discussed herein, a user may view the Scout 
image 400 with the scanning volume 410 overlayed, and 
determine if the scanning volume 410 is acceptable. 

For example, in some embodiments, a target scanning 
region 470 may be identified based on a user input. For 
example, a user may select an upper boundary 472 (or a point 
along the upper boundary) and a lower boundary 474 (or a 
point along the lower boundary), as well as a diameter 476 (or 
a point along a diameter) corresponding to a width of the 
object to be contained within the target Scanning region 470. 
In some embodiments, the user may also specify an offset 
distance from a central axis. The processing unit 160, as 
discussed in greater detail below, may then select a collima 
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8 
tion configuration that provides a scanning Volume (or, as 
seen in FIG. 4, the primary scanning Volume 420) that con 
tains the target scanning region 470. The Scanning Volume 
410 may then be displayed to a user. If the user is satisfied 
with the scanning volume 410, the user may confirm the 
scanning Volume 410 (and corresponding collimation con 
figuration) and the collimation configuration may be used to 
perform a scan. However, if the user does not approve of the 
scanning Volume 410 corresponding to the collimation con 
figuration selected by the processing unit 160 (e.g., due to an 
undesired location of a seam, due to a portion of particular 
interest being located in the shoulder region 430 instead of the 
primary scanning Volume 420, or the like) the user may 
request a different collimation configuration, and the process 
ing unit 160 may determine an alternative collimation con 
figuration and display the resulting scanning Volume to the 
USC. 

Returning to FIG. 1, the adjustable source collimator 120 is 
configured to control the delivery of X-rays 114 from the 
X-ray source 110 to the object 102. In various embodiments, 
the adjustable source collimator 120 may be configured to be 
interposed between an X-ray source 110 and an object 102 to 
be imaged, and adjustable between plural settings corre 
sponding to different amounts of collimation of X-rays 114 
from the X-ray source 110 allowed to pass to the object 102. 
In the illustrated embodiment, the adjustable source collima 
tor 120 is configured to adjust the size of the collimation 
length or slab length of radiation to which the object 102 is 
exposed. The collimation length or slab length in the illus 
trated embodiment corresponds to the length of the resulting 
FOV along the axial length of the table 130 at the center of a 
bore about which the X-ray source 110 rotates. In various 
embodiments, the adjustable source collimator 120 may 
include adjustable blades to adjust the slab length. 

FIG. 5 illustrates example positions of the adjustable 
source collimator 120. The adjustable source collimator 120 
includes a first blade 122 and a second blade 124 that are 
adjustable with respect to each other. For example, the first 
blade 122 and second blade 124 may be symmetrically 
adjustable with respect to a central axis 126 of a beam 128 
allowed to pass through the adjustable source collimator. 
Because the imaging system 100 may include a number of 
sensitive components that need to be differently calibrated for 
each slab length, a limited number of different slab lengths 
may be provided. Thus, while the blades may be actuated by 
a mechanism that allows for continuous adjustment, in vari 
ous embodiments, the adjustable source collimator 120 may 
be limited to a number of predetermined positions, providing 
for selection from available slab lengths. For example, the 
adjustable source collimator may be adjustable between a 
minimum slab length of about 40 millimeters, and a maxi 
mum slab length of about 160 millimeters. The adjustable 
source collimator 120 may be configured to be movable 
between positions corresponding to collimation lengths or 
slab lengths of about 40 millimeters, about 80 millimeters, 
about 120 millimeters, and about 160 millimeters. In various 
embodiments, other overall ranges of slab length or spacings 
between slab length settings may be employed. 
Two example positions are shown in FIG. 5. At a first 

position 510, the first blade 122 and second blade 124 are set 
at a minimum blade distance 512 to provide a minimum slab 
length 514 at an axis 516 corresponding to the center of abore 
about which an X-ray source associated with the adjustable 
source collimator 120 rotates. For example, the axis 516 may 
be disposed at a distance 518 from the first blade 122 and 
second blade 124. The minimum slab length 514 may be 
about 40 millimeters in various embodiments. 
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At a second position 520, the first blade 122 and the second 
blade 124 are still disposed at the distance 518 from the axis 
518. However, the first blade 122 and the second blade 124 are 
set at a maximum blade distance 524 to provide a maximum 
slab length 526 in the second position 520. The maximum 
slab length 516 may be about 160 millimeters in various 
embodiments. Additional blade positions providing corre 
sponding additional slab lengths may be provided between 
the first position 510 (or minimum slab length position) and 
the second position 520 (or maximum slab length position). 

Returning to FIG. 1, the table 130 is configured to support 
the object 102 in a desired position, and is articulable in an 
axial direction 132. The table 130 is articulable in the axial 
direction 132 relative to the X-ray source 110 and adjustable 
source collimator 120. Thus, after a first slab of imaging 
information has been obtained, the table 130 may be trans 
lated a desired slab spacing distance along the axial direction 
132 to provide for obtaining a second slab of imaging infor 
mation. The number of slabs (e.g., number of times the table 
130 is articulated along the axial direction 132) as well as the 
slab spacing (e.g., distance the table 130 is articulated along 
the axial direction 132) may be specified by the collimator 
configuration to be employed during a scan. In various 
embodiments, the table 130 may also be movable in a vertical 
direction (e.g., up and down as seen in FIG. 1) and/or in a 
lateral direction transverse to the axial direction 132 to center 
a portion of the object 102 to be imaged or otherwise posi 
tioning the object 102 in a desired position within the bore. 

The depicted processing unit 160 is operably coupled to the 
input unit 170 and the adjustable source collimator 120. The 
processing unit 160 may include processing circuitry config 
ured to perform one or more tasks, functions, or steps dis 
cussed herein. In various embodiments, the processing unit 
160 may be configured to obtain a user input corresponding to 
a portion, region, or Volume to be imaged, and to determine a 
prescribed collimation configuration to perform a scan of the 
portion, region, or Volume to be imaged. The collimation 
configuration, for example, may identify one or more of a 
number of slabs to be obtained, the length of the slab(s), or 
spacing between slabs (scan interval). In some embodiments, 
the collimation configuration may also specify a radiation 
intensity (e.g., tube current) to be used for one or more slabs. 

In various embodiments, the processing unit 160 may be 
configured to control one or more aspects of the imaging 
system 100 to implement a collimation configuration for a 
scan to be performed. For example, the processing unit 160 
may be operably coupled to the adjustable source collimator 
120 and configured to provide a control signal to the adjust 
able source collimator 120 to select a collimator or slab length 
(e.g., a signal positioning collimator blades 122, 124 in a 
position corresponding to a desired slab length). Further, the 
processing unit 160 may be operably coupled to the table 130 
and configured to provide a control signal to the table 130 to 
position the table along the axial direction 132 (e.g., translate 
the table from a slab spacing distance from a first position 
corresponding to a first slab to a second position correspond 
ing to a second slab). In some embodiments, the processing 
unit 160 may be operably connected to the X-ray source 110 
and configured to provide a control signal to the X-ray Source 
110 (e.g., to control a tube current used for a given slab). 
Further still in some embodiments, the processing unit 160 
may be configured to reconstruct an image using imaging 
information from the detector 150, and/or to provide imaging 
information from the detector 150 to an image reconstruction 
system for reconstructing an image. 

Generally, in various embodiments, the processing unit 
160 may be configured to determine a collimation configura 
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10 
tion that provides a scanning Volume that covers a target 
region corresponding to an input (e.g., a user input specifying 
a portion of the object 102 to be scanned). For example, the 
processing unit 160 may be configured to determine a target 
region based on one or more boundaries input by a user. The 
processing unit 160 may then determine a prescribed colli 
mation configuration that provides a scanning Volume corre 
sponding to the target region. In some embodiments, the 
prescribed collimation configuration may provide a scanning 
Volume (e.g., primary scanning Volume along with shoulder 
regions) that encompasses the target region. In other embodi 
ments, the determined collimation configuration may provide 
a primary scanning Volume that encompasses the target 
region. In some embodiments, the prescribed collimation 
configuration is selected from a group of available collima 
tion configurations (see, e.g., discussion herein regarding 
FIG. 6). In other embodiments, the prescribed collimation 
configuration may be determined by the processing unit 160 
through use of a predetermined function. In various embodi 
ments, the prescribed collimation configuration may be pro 
vided to a user prior to implementation of the prescribed 
collimation configuration to perform a scan, to allow the user 
to confirm the configuration, reject the configuration, or 
request a specified change or type of change to the configu 
ration. 

Generally, the processing unit 160 is configured to select a 
collimation configuration that will provide a scanning Vol 
ume that satisfies predetermined criteria. For example, in 
addition to determining a collimation configuration that pro 
vides a scanning Volume corresponding to a target region, the 
collimation configuration may be determined to satisfy or 
address one or more additional criteria. A collimation con 
figuration may be selected to achieve or address one or more 
goals or objectives. For example, the one or more goals or 
objectives may include to minimize total collimation length 
(e.g., the sum of the slab lengths for all slabs of the configu 
ration), to minimize dosage, to minimize total slabs used, to 
achieve a desired seam placement (or to avoid undesired seam 
placement), to group structures having similar opacity (and 
thus requiring similar source intensity/dosage/tube current) 
in common slabs, or the like. It may be noted that a given 
criterion may be a requirement in some embodiments (e.g., a 
collimation configuration providing the required coverage as 
well as the lowest radiation dosage may be selected as a rule 
regardless of other criteria), or, in other embodiments, may be 
given a preferential weighting relative to one or more other 
criteria. 

In various embodiments, the processing unit 160 may be 
configured to have access to one or more lists of predeter 
mined collimation configurations arranged in an hierarchical 
order from which the processing unit 160 selects the pre 
scribed collimation configuration. For example, the process 
ing unit 160 may be configured to use a given hierarchical 
listing based on input describing a scan to be performed. 
Thus, the criteria used to include and/or rank the entries in an 
hierarchical listing for one type of procedure may differ from 
another. Thus, one protocol may call for an hierarchical rank 
ing based on radiation dosage, another based on collimation 
length, another based on seam placement, or the like. In some 
embodiments, a user may select the criterion or criteria on 
which the hierarchical listing is to be based, while in other 
embodiments a user may specify a procedure (e.g., cardiac 
scan) and the processing unit 160 select a corresponding 
predetermined hierarchical listing based on the selected pro 
cedure. 

FIG. 6 provides an example hierarchical table 600. In the 
embodiment depicted in FIG. 6, the collimation configura 
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tions are ranked by total collimation length in ascending 
order. The collimation configurations depicted in FIG. 6 are 
identified by the width of each slab in the collimation con 
figuration. Thus, the first listed entry 602 corresponds to a 
single slab of about 40 millimeters width, the second entry 
604 to a single slab of about 80 millimeters width, the seventh 
entry 606 to two slabs, the first of about 40 millimeters width 
and the second of about 140 millimeters width, and so on. In 
alternate embodiments, additional and/or alternative infor 
mation may be listed. For example, the tube current used by 
the source for one or more slabs may be provided in some 
tables, with the listing ordered by total dosage. (It may be 
noted that a given collimator configuration may have a greater 
collimation width but a lower dosage than a configuration 
having a lower width, if the given collimator configuration 
has a sufficiently lower tube current over a relatively large 
range of the total collimation width.) 

To use the hierarchical table 600, the processing unit 160 
first determines a target scanning region, for example, based 
on user input. For example, the target scanning region may be 
determined based on input boundaries (e.g., upper, lower, 
diameter). The processing unit 160 then determines a scan 
ning Volume (e.g., primary Scanning Volume along with 
shoulder regions) provided by the collimation configuration 
of the first entry 602 in the hierarchical table 600. For 
example, the processing unit 160 may utilize a predetermined 
relationship between configuration and scanning Volume 
based on table position and collimation width, or may have 
tabulated results for each collimation configuration detailing 
resulting primary Scanning Volumes, shoulder regions, and 
scanning Volumes. Tabulated results may be stored, for 
example, as part of a database stored in a memory that is 
included with the processing unit 160 or otherwise accessible 
to the processing unit 160. The predetermined relationship 
and/ortabulated results may be based on past testing or results 
for a particular imaging system or type of imaging system. 
For configurations including multiple slabs, the processing 
unit 160 may determine the Scanning Volumes corresponding 
to the individual slabs, and then add or otherwise combine the 
resulting scanning Volumes based on slab spacing to provide 
a composite scanning Volume for the entire multi-slab con 
figuration. 

With the scanning volume for the first entry 602 deter 
mined, the processing unit 160 may next compare the result 
ing scanning Volume to the target scanning region. If the 
scanning Volume of the currently examined entry provides a 
desired amount of coverage (e.g., the Scanning Volume 
includes the target Scanning region, the primary scanning 
Volume includes the target Scanning region, or the like) the 
currently examined entry is selected as the prescribed colli 
mation configuration. Thus, if the scanning Volume provided 
by the first entry 602 satisfies the selection criteria (e.g., 
adequate coverage of the target Scanning region in this 
example), the first entry 602 is selected as the prescribed 
collimation configuration. If the scanning Volume of the first 
entry 602 does not satisfy the selected criteria (e.g., the scan 
ning Volume does not include the complete target scanning 
region in this example), then the first entry 602 is rejected or 
disregarded, and the processing unit 160 determines the scan 
ning Volume resulting from the next configuration in the 
hierarchical order, in this case the second entry 604. 

If the scanning volume of the second entry 604 satisfies the 
selected criteria, the second entry 604 is selected as the pre 
scribed collimation configuration. If the Scanning Volume 
resulting from the second entry 604 does not satisfy the 
selected criteria (e.g., the Scanning Volume does not include 
the complete target scanning region in this example), then the 
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12 
second entry 604 is rejected or disregarded, and the process 
ing unit 160 determines the Scanning Volume resulting from 
the next configuration in the hierarchical order, and so on. 

It may be noted that the particular values and order 
depicted in FIG. 6 are provided by way of example, and that 
other values and/or orders of configurations may be employed 
in various embodiments. For example, in various embodi 
ments, a processing unit 160 may be configured to use hier 
archical orders tailored for particular procedures (e.g., a first 
hierarchical order for cardiac procedures, a second hierarchi 
cal order to scan the lungs, a third hierarchical procedure to 
scan the liver, a fourth hierarchical procedure to Scan Substan 
tially the entire torso, and so on). Further, in some embodi 
ments, the entries may be ranked according to total radiation 
dosage delivered for each collimation configuration. As 
another example, in Some embodiments, configurations pro 
viding undesirable seam locations may be ranked relatively 
lower in the order, or omitted from the available selections. 

In some embodiments, slab spacing, which may also be 
referred to as scan interval, may be varied as part of a selection 
process of a collimation configuration, and a collimation 
configuration having improved or optimal scan interval or 
slab spacing selected or determined. Smaller scan intervals 
correspond to more overlap between scans, and thus more 
radiation dose per total coverage, while larger scan intervals 
correspond to less overlap and less radiation per total cover 
age, but may provide, for example, gaps between the scanning 
Volume and/or primary Scanning Volume that are undesirable. 
For example, in Some embodiments, all or a portion of the 
entries in an hierarchical table may be ordered based on Scan 
interval. A selection algorithm may start with the largest 
available scan interval and evaluate the available configura 
tions until finding and selecting the configuration that pro 
vides the largest available scan interval while still satisfying 
one or more geometric constraints (e.g., all Voxels of a desired 
imaging Volume must be covered by at least one slab out to a 
specified diameter or width, all Voxels of a desired imaging 
Volume must be within the primary scanning Volume, or the 
like). Optionally, a minimum acceptable scan interval may be 
set. Then, the selection algorithm may evaluate the available 
configurations in order of decreasing scan interval. As the 
scan interval decreases without finding a satisfactory configu 
ration, a minimum scan interval may be reached. If the mini 
mum scan interval is reached, the algorithm may then proceed 
to a different option or section of the hierarchical order (e.g., 
different number of slabs, different width of slabs, or the like). 

Thus, the processing unit 160 may be configured to exam 
ine, in a predetermined hierarchical order, one or more entries 
in a list corresponding to available collimation configurations 
ordered according to one or more criteria, and select the 
highest ranked entry that includes a desired target scanning 
region as the prescribed collimation configuration. In some 
embodiments, the prescribed collimation configuration may 
automatically be implemented to perform a scan. In other 
embodiments, the prescribed collimation configuration may 
be displayed to a user (e.g., overlayed on a Scout image), with 
the user having the option to confirm the prescribed collima 
tion configuration (in which case the prescribed collimation 
configuration is implanted for the scan), or to reject or request 
modification of the prescribed collimation configuration. For 
example, ifa prescribed collimation configuration is rejected, 
the processing unit 160 may identify the next highest ranked 
configuration of the listing that provides the desired scanning 
Volume coverage as a prescribed collimation configuration to 
be presented to the user. In other embodiments, the user may 
specify one or more requested changes to the prescribed 
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collimation configuration, such as movement of a seam, and 
the processing unit 160 may select a configuration accord 
ingly. 

Alternatively or additionally, the processing unit 160 may 
be configured to employ a function to determine the pre 
scribed collimation configuration. For example, in various 
embodiments, a spatially-varying (in Z, or along the axial 
direction 132) function may be employed that contains a 
weighted combination of one or more factors. The factors 
may include for example, a noise index, dose sensitivity of 
organs encountered in the scan (e.g., a seam corresponding to 
a double exposure proximate to the seam may be avoided over 
a dose-sensitive area), patient attenuation, sensitivity to mis 
alignment (e.g., a seam over an organ prone to movement, 
Such as the heart may be avoided to minimize registration 
difficulties between slabs), or sensitivity to contrast change 
(e.g., an organ Such as the liver may be included in one slab). 
The various weights accorded to each factor may be adjusted 
based on a clinical objective (e.g., coronary assessment, pull 
monary embolism detection, among others) and/or on patient 
demographic (e.g., age, gender, heart rate, contrast/renal sen 
sitivity, breath hold duration ability). Thus, the coverage of 
axial collimation configurations may be optimized for a given 
set of criteria. It may be noted that, in some embodiments, the 
collimation configuration may also specify one or more heli 
cal pitches employed during a scan. 

Various criteria that may be optimized to include, by way 
of example, number of slabs and/or time of Scan, dosage, or 
image quality (IQ) (e.g., one or more of contrast uniformity, 
IQ uniformity, IQ resolution, or artifact avoidance). In some 
embodiments, the criteria used to select a prescribed collima 
tion configuration may include specific targets or require 
ments of the relative volumes covered by the primary scan 
ning Volume and the shoulder regions. For example, the 
extension of the primary scanning Volume and/or the shoulder 
region may be specified to a given radial distance, optionally 
as a function of axial position along the axial direction 132. 
As with the hierarchical ordering example discussed above, a 
prescribed collimation configuration determined using a 
weighted function may be automatically implemented (e.g., 
without user interference or approval) in some embodiments, 
or be presented to a user for confirmation or modification in 
other embodiments. For example, a user may request an 
adjustment based on a visual inspection of a scanning Volume 
provided by a prescribed collimation configuration. 

In some embodiments, seam location may be employed as 
a criterion, for example, to address radiation dosage and/or 
noise caused by tube current. For example, a seam may be 
undesirable in a particular region due to a possible transition 
in contrast dose over a given region. Alternatively or addi 
tionally, a seam may be undesirable due to potential misalign 
ment of structures prone to motion. By including a structure 
prone to motion in a single slab, difficulties regarding regis 
tration between slabs obtained at different times may be 
reduced or eliminated. As another example, because seams 
correspond to an overlap between slabs, seams are associated 
with increased exposure and radiation dose. Thus, it may be 
desirable to position seams away from structures that are 
particularly dose sensitive. 

In Some embodiments, a noise or tube current metric along 
a Z-direction (e.g., the axial direction 132) may be employed. 
For example, a slab having a relatively large length may 
deliver a high dose corresponding to a high tube current 
throughout the slab based on a required or desired tube cur 
rent for a structure disposed along only a portion of the slab, 
as tube current may not varied over a single slab, but instead 
varied for different slabs. To avoid a high dose over the length 
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14 
of a relatively large slab, Small slabs may be employed, each 
slab using a tube current appropriate for the structures within 
that particular slab, to lower overall dose and noise. Thus, an 
algorithm may be employed to select the most dose-efficient 
collimation for a given scan, and/or to balance dose efficiency 
with total number of slabs. It may also be noted that a dose 
reduction goal may not be limited to minimizing or reducing 
overall dose. For example, a goal may be to minimize a local 
dose. Such as a dose to a sensitive organ. Or, a goal may be to 
minimize or reduce dose (local and/or total) while maintain 
ing image quality (e.g., satisfying one or more image quality 
metrics). For example, a goal or objective may be the maxi 
mization or increase of a given image quality metric per dose 
level. In some embodiments, collimation configurations may 
be evaluated or selected based on a criterion of minimizing or 
reducing a time of scan. For example, reducing time of scan 
ning may provide more uniform contrast enhancement within 
one or more regions. 

It may be noted that trade-offs between criteria may be 
included as part of the weighting of criteria. For example, 
some embodiments may allow for a trade-off between num 
ber of total slabs and dose savings and/or dose efficiency, 
depending for example, on the number of slabs and/or the 
amount of dose savings. For instance, a relatively low dose 
savings may be ignored to provide a minimum or reduced 
number of slabs, while a relatively high dose savings may be 
implemented despite resulting in an increased number of 
slabs. 
The input unit 170 may be configured to obtain an input 

that corresponds to a portion of the object 102 to be imaged. 
As used herein, to "obtain” may include, for example, to 
receive. For example, in Some embodiments, the input unit 
170 may receive an input from a user entered via a touch 
screen, keypad, mouse, Voice or language recognition device, 
or the like. Alternatively or additionally, the input unit 170 
may receive information from Software configured to recog 
nize one or more anatomical structures for example, from a 
Scout image, with the target region specified to include iden 
tified anatomical structures of interest. Accordingly, in some 
embodiments the input may be a manual input or a user input, 
while in other embodiments the input may be entered in an 
automated or semi-automated fashion, for example using an 
automated or semi-automated segmentation algorithm. Fur 
ther, in Some embodiments, both user and automated inputs 
may be utilized, and/or a user may be provided with some 
amount of control or guidance with respect to an otherwise 
automated input. For example, an input generated automati 
cally (e.g., a target region identified using an automated algo 
rithm) may be displayed to a user and may be entered subject 
to user approval and/or modification. 

User input provided to the input unit 170 may be provided 
in a variety of forms in various embodiments. For example, 
the user input may include one or more points corresponding 
to anatomy, such as point on a Surface of a heart (e.g., as 
displayed in a Scout image). As another example, the user 
input may include start and end locations on a Z-axis (e.g., 
along the axial direction 132). The user input may also 
include one or more of a diameter or width of a desired 
Volume to be imaged, an offset, or the like. The user input may 
also include constraints on the particular portion of the scan 
ning Volume that may include a given portion or portions of 
the desired imaging Volume. For example, a user may input a 
constraint that a given point or points must be within the 
primary Scanning Volume, that a given point or points may be 
within a shoulder region but must be within a specified range 
of the primary scanning Volume, or the like. 
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The input unit 170 may cooperate with the display unit 180 
(and/or may form a single unit). For example, a Scout image 
may be displayed on the display unit to a user. The user may 
then specify one or more boundaries based on the Scout image 
(e.g., upper boundary, lower boundary, diameter or width). 
The processing unit 160 may determine a prescribed collima 
tion configuration based on the target region, and display, via 
the display unit 180, the resulting scanning volume to the 
user. The user may confirm the prescribed collimation con 
figuration, or request a change. In some embodiments, the 
processing unit 160 automatically cycles to the next appro 
priate entry in an hierarchical order, while in some embodi 
ments the user may provide specific guidance regarding the 
requested change or criteria corresponding to the requested 
change. For example, the user may provide an input request 
ing movement of a seam a given distance, or, as another 
example, a request to include a selected location currently in 
a shoulder region into the primary Scanning Volume, or the 
like. 

Thus, in various embodiments, a user may specify an upper 
and lower limit and diameter (e.g., distance from center of 
object) corresponding to the boundaries of a target region to 
be scanned, and the processing unit 160 may identify slab 
combination(s) that include the entire specified region within 
a primary scanning Volume or within a scanning Volume. As 
indicated above, in alternate embodiments, other inputs may 
be used to define the target region. For example, when an 
upper and lower boundary along with a diameter are speci 
fied, the target region may be understood as being generally 
rectangular when viewed in 2 dimensions and generally 
cylindrical when viewed in 3 dimensions. Other shapes of 
target regions (e.g., non-rectangular when viewed in 2 dimen 
sions) may be utilized in other embodiments. In some 
embodiments, a user may be able to circle or otherwise 
enclose a selected target region on a displayed Scout image 
using, for example, a touchscreen or stylus. As also indicated 
elsewhere herein, an input may be provided from an auto 
mated or non-human source. For example, a target scanning 
region may be determined using anatomic recognition soft 
ware configured to analyze a Scout Scan. As one example, for 
a desired scan of the heart, a Scout scan may be performed, 
and based on the Scout Scan, recognition Software may iden 
tify a target scanning region to include the heart and any 
desired Surrounding anatomy. 
The display unit 180 is configured to provide information 

to the user. The display unit 180 may be configured to display, 
for example, a Scout image having one or more scanning 
Volumes associated with a collimation configuration (e.g., a 
prescribed collimation configuration). The display unit 180 
may include one or more of a screen, a touchscreen, a printer, 
or the like. 
Use of the input unit 170 and display unit 180 in one 

example scenario will be discussed in connection with FIG.7. 
In the example depicted in FIG. 7, a display 700 is provided to 
a user, for example on a screen of the display unit. The display 
700 includes a scout image of a patient 702 including an 
anatomical structure of interest 704. The user may then 
specify, for example by touching a portion of a touchscreen, 
entering a location with a mouse, or the like, various condi 
tions regarding a desired boundary within which scanning 
information is desired. For example, the user may specify one 
or more points or locations of an upper boundary 714 (e.g., by 
selecting a point on the upper boundary), one or more points 
or locations of a lower boundary 712 (e.g., by selectingapoint 
on the lower boundary), a diameter 716, and/or an offset 718. 
The offset 718 may specify a distance separating the desired 
center 719 of the target region relative to a central axis 717 of 
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the Scout image. In the illustrated embodiment, no offset (e.g., 
an offset of zero) has been selected. The target region 710 may 
be determined by the processing unit 160 based on the upper 
boundary 714, the lower boundary 712, and the diameter 716 
in the illustrated embodiment. 

With the target region 710 now defined, the processing unit 
160 may determine a prescribed collimation configuration as 
discussed herein. A scanning Volume 730 corresponding to 
the prescribed collimation configuration may then be deter 
mined by the processing unit 160 and provided as part of the 
display 700. The displayed scanning volume 730 includes a 
primary scanning volume 732 and shoulder regions 734, as 
well as a seam 740. In the illustrated embodiment, the target 
region 710 is entirely contained within the scanning volume 
730 but not entirely contained within the primary scanning 
Volume 732, the anatomical structure of interest 704 is 
entirely contained within the primary scanning volume 732, 
and the seam 740 passes through the anatomical structure of 
interest 704. With the scanning volume 730 overlayed on the 
Scout image 702, the user may inspect the coverage of the 
scanning volume 730 relative to the target region 710 and/or 
the anatomical structure of interest 704. If the scanning vol 
ume 730 is acceptable to the user, the user may input (e.g., via 
a keyboard, highlighted window on a touchscreen, or the like) 
a confirmation, and the prescribed collimation configuration 
corresponding to the displayed scanning Volume 730 may be 
used to perform a scan of the patient. 

However, the user may reject the prescribed collimation 
configuration, and/or request a change. For example, the user 
may find the passage of the seam 740 through a central por 
tion of the anatomical structure of interest 704 undesirable. 
The user may then request (e.g., via a keyboard entry, selec 
tion from a pull down menu, or the like) a movement of the 
seam 740 a given distance to prevent the seam 740 from 
passing through the anatomical structure of interest 704. 
Additionally or alternatively, the user may not approve of the 
inclusion of portions of the target region 710 in the shoulder 
regions 734 instead of being entirely within the primary scan 
ning Volume 732. The user may then request a scanning 
volume 730 that includes one or more points in the primary 
scanning Volume 732 (e.g., identified by touchingaportion of 
the display desired to be within the primary scanning Volume 
732). Thus, in various embodiments, a scanning volume 730 
corresponding to a prescribed collimation configuration 
determined (e.g., selected) by the processing unit 160 may be 
presented to the user and iteratively modified until a final 
collimation configuration is confirmed (e.g., approved by the 
user). 

FIG. 8 provides a flowchart of a method 800 for selecting a 
collimation configuration for imaging an object (e.g., obtain 
ing a CT image of the object). The method 800, for example, 
may employ or be performed by structures or aspects of 
various embodiments (e.g., systems and/or methods) dis 
cussed herein. In various embodiments, certain steps may be 
omitted or added, certain steps may be combined, certain 
steps may be performed simultaneously, certain steps may be 
performed concurrently, certain steps may be split into mul 
tiple steps, certain steps may be performed in a different 
order, or certain steps or series of steps may be re-performed 
in an iterative fashion. In various embodiments, portions, 
aspects, and/or variations of the method 800 may be able to be 
used as one or more algorithms to direct hardware (e.g., one 
or more aspects of the processing unit 160) to perform one or 
more operations described herein. 
At 802, an object to be imaged is positioned. For example, 

the object may be a human patient positioned on a table (e.g., 
table 130) in the bore of a CT imaging system. 
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At 804, a Scout scan is performed, and the Scout image is 
displayed at 806. At 808, an input is received. As one 
example, the input may be received from a user, or, as another 
example, may be received from an algorithm configured to 
select or determine a portion of an object to be scanned. For 
example, using the displayed Scout image as a reference, the 
user may specify one or more boundaries corresponding to a 
desired target scanning region corresponding to a portion of 
the patient for which an image is desired. The input may 
specify one or more locations or points of an upper boundary, 
lower boundary, diameter, or offset. The input may provide a 
specific predetermined shape, such as an outline provided via 
a touchscreen by the user. Alternatively or additionally, the 
boundary may be indicated by an input received from soft 
ware configured to identify anatomical structures from a 
Scout image, and/or according to a predetermined protocol for 
a given procedure. 

At 810, a target region is determined. The target region 
corresponds to a Volume for which imaging information is 
desired to be obtained and for which an image is desired to be 
reconstructed. For example, the target region may be deter 
mined by a processing unit (e.g., processing unit 160) based 
on the input received at 808. 

At 812, a prescribed collimation configuration is deter 
mined. The prescribed collimation may be determined by a 
processing unit (e.g., processing unit 160) to provide a cor 
responding scanning Volume (e.g., Scanning Volume or pri 
mary scanning Volume) that includes the target region deter 
mined at 810. The prescribed collimation configuration may 
be determined to satisfy or address one or more additional 
criteria, such as minimizing or reducing number of slabs, 
minimizing or reducing radiation dosage, or the like. 

Substeps 814-820 provide one example of determination 
of a collimation configuration. In substeps 814-820, a pre 
scribed collimation configuration is selected from an ordered 
list of available collimation configurations. The ordered list is 
configured to order the available collimation configurations 
based on one or more predetermined criteria, Such as total 
collimation width, total radiation dosage, or the like. 

At 814, the highest ranked (e.g., the first) listed collimation 
configuration is set as a selected collimation configuration 
(e.g., by a processing unit Such as processing unit 160). At 
816, a scanning Volume (e.g., a primary scanning Volume 
along with shoulder regions) is determined (e.g., by a pro 
cessing unit) for the selected collimation configuration. At 
818, the scanning volume determined at 816 is compared to 
the target region determined at 810. If the scanning volume 
includes the target region, the currently selected collimation 
configuration is set as the prescribed collimation configura 
tion at 820. If the scanning volume determined at 816 does not 
entirely contain the target region, the method proceeds to 822. 
At 822, the current collimation configuration is discarded and 
the next highest ranked available collimation configuration is 
set as the selected collimation configuration, and the method 
returns to 816. Thus, the available collimation configurations 
may be evaluated serially in an order of desirability based on 
one or more selection criteria to select the highest ranked 
configuration that provides adequate coverage of the target 
region. 

At 824, the prescribed collimation configuration is dis 
played to a user. For example, a scanning Volume provided by 
the prescribed collimation configuration may be provided on 
a screen, for example overlayed on a Scout image. In some 
embodiments, attributes or characteristics of the prescribed 
collimation configuration may be displayed. For example, the 
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display may list one or more of total slabs, slab length for each 
slab, radiation dosage, identification of seam location, or the 
like. 
At 826, it is determined if the prescribed collimation con 

figuration is acceptable. For example, a user may visually 
compare a displayed scanning Volume corresponding to the 
prescribed collimation configuration and determine if the 
displayed scanning Volume is satisfactory. 

If the Scanning Volume and corresponding collimation con 
figuration are acceptable, the method proceeds to 828. At 828, 
a scan is performed using the prescribed collimation configu 
ration. If the Scanning Volume is not satisfactory, the method 
returns to 812 and a different collimation configuration is 
determined. In the illustrated embodiment, at 830, guidance is 
received for selecting the replacement collimation configura 
tion. For example, a user may specify a desired change. Such 
as a change in slab length for one or more slabs, a reduction in 
total slabs, movement of a seam, or the like. In other embodi 
ments, guidance may not be received, and the processing unit 
160 may, for example, resume examination of the remaining 
members of a previously employed hierarchical order or list 
1ng. 

Thus, various embodiments provide for improved selec 
tion or determination of collimation configurations. For 
example, traditional systems may merely assume that a par 
ticular scan range will be available for each collimation, and 
that a fixed overlap is used when two or more adjacent regions 
are scanned, without regard to the reconstruction limits or 
anatomic constraints and/or image quality constraints. In 
contrast, various embodiments discussed herein determine 
collimation configuration as a function of a desired image 
Volume (e.g., by determining scanning Volumes correspond 
ing to available collimation configurations and selecting a 
configuration that includes the desired image Volume). Vari 
ous embodiments also address one or more additional criteria 
in the determination of a collimation configuration. Various 
embodiments discussed herein provide for selection among 
different overlaps between adjacent slabs and/or different 
combinations of number of slabs and slab length. 

Various methods and/or systems (and/or aspects thereof) 
described herein may be implemented using a medical imag 
ing system. For example, FIG. 9 is a block schematic diagram 
of an exemplary CT imaging system 900 that may be utilized 
to implement various embodiments discussed herein. 
Although the CT imaging system 900 is illustrated as a stan 
dalone imaging system, it should be realized that the CT 
imaging system 900 may form part of a multi-modality imag 
ing system. For example, the multi-modality imaging system 
may include the CT imaging system 900 and a positron emis 
sion tomography (PET) imaging system, or a single photon 
emission computed tomography (SPECT) imaging system. It 
should also be understood that other imaging systems capable 
of performing the functions described herein are contem 
plated as being used. 
The CT imaging system 900 includes a gantry 910 that has 

the X-ray source 912 that projects a beam 974 of X-rays 
toward the detector array 914 on the opposite side of the 
gantry 910. A source collimator 913 (e.g., adjustable source 
collimator 120) is provided proximate the X-ray source 912. 
The detector array 914 includes a plurality of detector ele 
ments 916 that are arranged in rows and channels that 
together sense the projected X-rays that pass through a Sub 
ject 917. The CT imaging system 900 also includes a com 
puter 918 that receives the projection data from the detector 
array 914 and processes the projection data to reconstruct an 
image of the subject 917. In operation, operator supplied 
commands and parameters are used by the computer 918 to 
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provide control signals and information to reposition a motor 
ized table 922. More specifically, the motorized table 922 is 
utilized to move the subject 917 into and out of the gantry910. 
Particularly, the motorized table 922 moves at least a portion 
of the subject 917 through a gantry opening (not shown) that 
extends through the gantry 910. Further, the motorized table 
922 may be used to move the subject 917 from a first position 
corresponding to a first slab to a second position correspond 
ing to a second slab. 
As discussed above, the detector array 914 includes a plu 

rality of detector elements 916. Each detector element 916 
produces an electrical signal, or output, that represents the 
intensity of an impinging X-ray beam 974 and hence allows 
estimation of the attenuation of the beam as it passes through 
the subject 917. During a scan to acquire the X-ray projection 
data, the gantry 910 and the components mounted thereon 
rotate about a center of rotation 940. FIG. 9 shows only a 
single row of detector elements 916 (i.e., a detector row). 
However, the multislice detector array 914 includes a plural 
ity of parallel detector rows of detector elements 916 such that 
projection data corresponding to a plurality of slices can be 
acquired simultaneously during a scan. 

Rotation of the gantry 910 and the operation of the X-ray 
source 912 are governed by a control mechanism 942. The 
control mechanism 942 includes an X-ray controller 944 that 
provides power and timing signals to the X-ray Source 912 
and a gantry motor controller 946 that controls the rotational 
speed and position of the gantry 910. A data acquisition 
system (DAS) 948 in the control mechanism 942 samples 
analog data from the plurality of detector elements 916 and 
converts the data to digital signals for Subsequent processing. 
An image reconstructor 950 receives the sampled and digi 
tized X-ray data from the DAS948 and performs high-speed 
image reconstruction. The reconstructed images are input to 
the computer 918 that stores the image in a storage device 
952. The computer 918 may also receive commands and 
scanning parameters from an operator via a console 960 that 
has a keyboard. An associated visual display unit 962 allows 
the operator to observe the reconstructed image and other data 
from computer. It may be noted that one or more of the 
computer 918, controllers, or the like may be incorporated as 
part of a processing unit such as the processing unit 160 
discussed herein. 
The operator Supplied commands and parameters are used 

by the computer 918 to provide control signals and informa 
tion to the DAS 948, the X-ray controller 944 and the gantry 
motor controller 946. In addition, the computer 918 operates 
a table motor controller964 that controls the motorized table 
922 to position the subject 917 in the gantry910. Particularly, 
the motorized table 922 moves at least a portion of the subject 
917 through the gantry opening. 

In various embodiments, the computer 918 includes a 
device 970, for example, a floppy disk drive, CD-ROM drive, 
DVD drive, magnetic optical disk (MOD) device, or any other 
digital device including a network connecting device Such as 
an Ethernet device for reading instructions and/or data from a 
tangible non-transitory computer-readable medium 972, that 
excludes signals, such as a floppy disk, a CD-ROM, a DVD or 
another digital source Such as a network or the Internet, as 
well as yet to be developed digital means. In another embodi 
ment, the computer 918 executes instructions stored in firm 
ware (not shown). The computer 918 is programmed to per 
form functions described herein, and as used herein, the term 
computer is not limited to just those integrated circuits 
referred to in the art as computers, but broadly refers to 
computers, processors, microcontrollers, microcomputers, 
programmable logic controllers, application specific inte 
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grated circuits, and other programmable circuits, and these 
terms are used interchangeably herein. 

In the exemplary embodiment, the X-ray source 912 and 
the detector array 914 are rotated with the gantry 910 within 
the imaging plane and around the Subject 917 to be imaged 
such that the angle at which an X-ray beam 974 intersects the 
Subject 917 constantly changes. A group of X-ray attenuation 
measurements, i.e., projection data, from the detector array 
914 at one gantry angle is referred to as a “view”. A “scan of 
the subject 917 comprises a set of views made at different 
gantry angles, or view angles, during one or more revolutions 
of the X-ray source 912 and the detector array 914. In a CT 
Scan, the projection data is processed to reconstruct an image 
that corresponds to a three-dimensional Volume taken of the 
subject 917. It may be noted that, in some embodiments, an 
image may be reconstructed using less than a full revolution 
of data. For example, with a multi-source system, Substan 
tially less than a full rotation. Thus, in some embodiments, a 
scan (or slab) corresponding to a 360 degree view may be 
obtained using less than a complete revolution. 

It should be noted that the various embodiments may be 
implemented in hardware, software or a combination thereof. 
The various embodiments and/or components, for example, 
the modules, or components and controllers therein, also may 
be implemented as part of one or more computers or proces 
sors. The computer or processor may include a computing 
device, an input device, a display unit and an interface, for 
example, for accessing the Internet. The computer or proces 
Sor may include a microprocessor. The microprocessor may 
be connected to a communication bus. The computer or pro 
cessor may also include a memory. The memory may include 
Random Access Memory (RAM) and Read Only Memory 
(ROM). The computer or processor further may include a 
storage device, which may be a hard disk drive or a removable 
storage drive Such as a solid-state drive, optical disk drive, and 
the like. The storage device may also be other similar means 
for loading computer programs or other instructions into the 
computer or processor. 
As used herein, the term “computer or “module' may 

include any processor-based or microprocessor-based system 
including systems using microcontrollers, reduced instruc 
tion set computers (RISC), ASICs, logic circuits, and any 
other circuit or processor capable of executing the functions 
described herein. The above examples are exemplary only, 
and are thus not intended to limit in any way the definition 
and/or meaning of the term "computer. 
The computer or processor executes a set of instructions 

that are stored in one or more storage elements, in order to 
process input data. The storage elements may also store data 
or other information as desired or needed. The storage ele 
ment may be in the form of an information Source or a physi 
cal memory element within a processing machine. 
The set of instructions may include various commands that 

instruct the computer or processor as a processing machine to 
perform specific operations such as the methods and pro 
cesses of the various embodiments. The set of instructions 
may be in the form of a software program. The Software may 
be in various forms such as system software or application 
Software and which may be embodied as a tangible and non 
transitory computer readable medium. Further, the software 
may be in the form of a collection of separate programs or 
modules, a program module within a larger program or a 
portion of a program module. The Software also may include 
modular programming in the form of object-oriented pro 
gramming. The processing of input data by the processing 
machine may be in response to operator commands, or in 
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response to results of previous processing, or in response to a 
request made by another processing machine. 
As used herein, the terms “software' and “firmware” are 

interchangeable, and include any computer program stored in 
memory for execution by a computer, including RAM 
memory, ROM memory, EPROM memory, EEPROM 
memory, and non-volatile RAM (NVRAM) memory. The 
above memory types are exemplary only, and are thus not 
limiting as to the types of memory usable for storage of a 
computer program. 

It is to be understood that the above description is intended 
to be illustrative, and not restrictive. For example, the above 
described embodiments (and/or aspects thereof) may be used 
in combination with each other. In addition, many modifica 
tions may be made to adapt a particular situation or material 
to the teachings of the various embodiments without depart 
ing from their scope. While the dimensions and types of 
materials described herein are intended to define the param 
eters of the various embodiments, they are by no means 
limiting and are merely exemplary. Many other embodiments 
will be apparent to those of skill in the art upon reviewing the 
above description. The scope of the various embodiments 
should, therefore, be determined with reference to the 
appended claims, along with the full scope of equivalents to 
which Such claims are entitled. In the appended claims, the 
terms “including and “in which are used as the plain-En 
glish equivalents of the respective terms "comprising and 
“wherein.” Moreover, in the following claims, the terms 
“first.” “second, and “third,' etc. are used merely as labels, 
and are not intended to impose numerical requirements on 
their objects. Further, the limitations of the following claims 
are not written in means-plus-function format and are not 
intended to be interpreted based on 35 U.S.C. S 112(f) unless 
and until Such claim limitations expressly use the phrase 
“means for followed by a statement of function void of 
further structure. 

This written description uses examples to disclose the vari 
ous embodiments, including the best mode, and also to enable 
any person skilled in the art to practice the various embodi 
ments, including making and using any devices or systems 
and performing any incorporated methods. The patentable 
scope of the various embodiments is defined by the claims, 
and may include other examples that occur to those skilled in 
the art. Such other examples are intended to be within the 
Scope of the claims if the examples have structural elements 
that do not differ from the literal language of the claims, or the 
examples include equivalent structural elements with insub 
stantial differences from the literal languages of the claims. 
What is claimed is: 
1. An imaging system comprising: 
an X-ray source; 
an adjustable source collimator configured to be interposed 
between the X-ray source and an object to be imaged, the 
adjustable source collimator adjustable between plural 
settings corresponding to different amounts of collima 
tion of X-rays from the X-ray source; 

an input unit configured to obtain an input identifying a 
portion of the object to be imaged; and 

a processing unit operably coupled to the input unit and the 
adjustable source collimator, the processing unit config 
ured to: 
obtain the input; and 
determine a prescribed collimation configuration for the 

adjustable source collimator to perform a scan of the 
portion to be imaged based on the input, the pre 
scribed collimation configuration having a corre 
sponding scanning Volume that includes the portion to 
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be imaged, wherein the processing unit is configured 
to select the prescribed collimation configuration 
using a hierarchical list of configurations ranked 
according to at least one predetermined criteria. 

2. The imaging system of claim 1, wherein the processing 
unit is configured to start with a configuration having the 
largest available scan interval and evaluate the available con 
figurations until finding and selecting the prescribed collima 
tion configuration that provides the largest available scan 
interval while still satisfying one or more geometric con 
straints. 

3. The imaging system of claim 1, wherein each collima 
tion configuration of the hierarchical list of configurations 
specifies a total number of slabs to be imaged and a collima 
tion length for each slab to be imaged, wherein the group of 
predetermined collimation configurations includes slabs of 
different lengths. 

4. The imaging system of claim 1, wherein the processing 
unit is configured to select the prescribed collimation con 
figuration from the hierarchical list of configurations to pro 
vide a minimum available total collimation length that pro 
vides coverage of at least the scanning Volume. 

5. The imaging system of claim 1, wherein each of the 
configurations from the hierarchical list of configurations 
further comprises an X-ray source intensity corresponding to 
each slab of the corresponding predetermined collimation 
configuration, and wherein the processing unit is configured 
to select the prescribed collimation configuration from the 
hierarchical list of configurations to provide a minimum dos 
age that provides coverage of at least the scanning Volume 
while satisfying an image quality condition. 

6. The imaging system of claim 1, wherein the processing 
unit is configured to select the prescribed collimation con 
figuration based on a seam location of adjacent slabs provided 
by the prescribed collimation configuration. 

7. The imaging system of claim 1, wherein the input com 
prises a user input comprising an identification of at least two 
points from a user. 

8. The imaging system of claim 1, wherein the X-ray 
Source is configured to rotate around the object to be imaged, 
wherein the scanning Volume includes a primary scanning 
Volume and a shoulder region, the primary scanning Volume 
corresponding to a Volume including locations receiving 360 
degrees of exposure as the X-ray Source performs a rotation 
around the object, the shoulder region corresponding to at 
least one volume that does not receive 360 degrees of expo 
sure but receives sufficient exposure to provide a clinically 
useful image for the at least one Volume, wherein the input 
comprises a user input comprising an identification of at least 
one point in one of the primary scanning Volume or the 
shoulder region, wherein the at least one predetermined cri 
teria includes at least one criteria corresponding to relative 
Volumes covered by the primary scanning Volume and the 
shoulder region. 

9. The imaging system of claim 1, further comprising a 
display configured to display the Scanning Volume corre 
sponding to the prescribed collimation configuration to a 
user, wherein the input unit is further configured to receive at 
least one of a confirmation of the displayed scanning Volume 
or a request for modification of the displayed scanning Vol 
le. 

10. The imaging system of claim 9, wherein the X-ray 
Source is configured to rotate around the object to be imaged, 
wherein the scanning Volume includes a primary scanning 
Volume and a shoulder region, the primary scanning Volume 
corresponding to a Volume including locations receiving 360 
degrees of exposure as the X-ray Source performs a rotation 
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around the object, the shoulder region corresponding to at 
least one volume that does not receive 360 degrees of expo 
sure but receives sufficient exposure to provide a clinically 
useful image for the at least one volume, and wherein the 
displayed scanning Volume is configured to display the pri- 5 
mary Scanning Volume and the shoulder region, wherein theat 
least one predetermined criteria includes at least one criteria 
corresponding to relative Volumes covered by the primary 
scanning Volume and the shoulder region. 

11. A method for selecting a source collimation configu- 10 
ration for an object to be imaged, the method comprising: 

receiving, at an input unit, an input identifying a portion of 
the object to be imaged; and 

determining, with a processing unit, a prescribed collima 
tion configuration for an adjustable source collimator to 15 
perform a scan of the portion to be imaged based on the 
input, the prescribed collimation configuration having a 
corresponding Scanning Volume that includes the por 
tion to be imaged, wherein determining the prescribed 
collimation configuration includes selecting the pre- 20 
scribed collimation configuration using a hierarchical 
list of configurations ranked according to at least one 
predetermined criteria. 

12. The method of claim 11, wherein the determining a 
prescribed collimation configuration comprises starting with 25 
a configuration having the largest available scan interval and 
evaluate the available configurations until finding and select 
ing the prescribed collimation configuration that provides the 
largest available scan interval while still satisfying one or 
more geometric constraints. 30 

13. The method of claim 11, wherein the prescribed colli 
mation configuration is selected from the hierarchical list of 
configurations to provide a minimum available total collima 
tion length that provides coverage of at least the scanning 
Volume. 35 

14. The method of claim 11, further comprising displaying, 
to a user, the scanning Volume corresponding to the pre 
scribed collimation configuration, the method further com 
prising receiving, at the input unit, at least one of a confirma 
tion of the displayed scanning Volume or a request for 40 
modification of the displayed scanning Volume. 

15. The method of claim 14, wherein the scanning volume 
includes a primary Scanning Volume and a shoulder region, 
the primary scanning Volume corresponding to a Volume 
including locations receiving 360 degrees of exposure as an 45 
X-ray source performs a rotation around the object, the shoul 
der region corresponding to at least one Volume that does not 
receive 360 degrees of exposure but receives sufficient expo 
Sure to provide a clinically useful image for the at least one 
volume, wherein the method further comprises displaying the 50 
primary scanning Volume and the shoulder region to the user, 
wherein the at least one predetermined criteria includes at 
least one criteria corresponding to relative Volumes covered 
by the primary Scanning Volume and the shoulder region. 

16. A tangible and non-transitory computer readable 55 
medium configured to select a source collimation configura 

24 
tion for an object to be imaged, the tangible and non-transi 
tory computer readable medium comprising one or more 
computer software modules configured to direct one or more 
processors to: 

receive an input identifying a portion of the object to be 
imaged; and 

determine, automatically, a prescribed collimation con 
figuration for an adjustable source collimator to perform 
a scan of the portion to be imaged based on the input, the 
prescribed collimation configuration having a corre 
sponding scanning Volume that includes the portion to 
be imaged, wherein the prescribed collimation configu 
ration is selected using a hierarchical list of configura 
tions ranked according to at least one predetermined 
criteria. 

17. The tangible and non-transitory computer readable 
medium of claim 16, wherein the tangible and non-transitory 
computer readable medium is further configured to direct the 
one or more processors to select the prescribed collimation 
configuration by starting with a configuration having the larg 
est available scan interval and evaluating the available con 
figurations until finding and selecting the prescribed collima 
tion configuration that provides the largest available scan 
interval while still satisfying one or more geometric con 
straints. 

18. The tangible and non-transitory computer readable 
medium of claim 16, wherein the prescribed collimation con 
figuration is selected from the group of predetermined colli 
mation configurations to provide a minimum available total 
collimation length that provides coverage of at least the scan 
ning Volume. 

19. The tangible and non-transitory computer readable 
medium of claim 16, wherein the tangible and non-transitory 
computer readable medium is further configured to direct the 
one or more processors to display the Scanning Volume cor 
responding to the prescribed collimation configuration and to 
receive, responsive to the display of the displayed scanning 
Volume, one of a confirmation of the displayed scanning 
Volume or a request for modification of the displayed scan 
ning Volume. 

20. The tangible and non-transitory computer readable 
medium of claim 19, wherein the Scanning Volume includes a 
primary Scanning Volume and a shoulder region, the primary 
scanning Volume corresponding to a Volume including loca 
tions receiving 360 degrees of exposure as an X-ray source 
performs a rotation around the object, the shoulder region 
corresponding to at least one volume that does not receive360 
degrees of exposure but receives Sufficient exposure to pro 
vide a clinically useful image for the at least one Volume, 
wherein the tangible and non-transitory computer readable 
medium is further configured to direct the one or more pro 
cessors to display the primary Scanning Volume and the shoul 
der region to the user. 
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